Abstract
Introduction
Although requiring refinement, existing evidence suggests that agriculture was practiced in the highlands of New Guinea by at least 7000-6500 years ago; while some advocate an earlier date of c. 10,000 years ago. 1 Early agriculture in highland New Guinea was, and practices still are, based on the exploitation and cultivation of plants with widely varying degrees of domestication. 2 For example, some species of tree, shrub and herb are still transplanted or propagated into cultivated plots from wild or feral stock; whereas other species, including some sterile or parthenocarpic varieties, are only propagated from cultivated stock. As well as an enormous range of plants exploited for food and other uses, there are great diversities in crop combinations and practices through which plants are exploited and cultivated across New Guinea today. 3 Most food plants in New Guinea have not been subject to intensive botanical, ethnobotanical or genetic, let alone archaeobotanical, study. But even for the exceptions, classifications to species level can be uncertain and contested. For example, relatively extensive research has been undertaken on Pandanus, several species of which are exploited for food, building materials, ornaments, among other uses. 4 Species classifications and domesticatory relationships of different types of highland Pandanus, or karuka in New Guinea pidgin, are questionable. 5 The lack of botanical clarity for modern members of the high-altitude P. julianettii/iwen/brosimos complex, particularly uncertainties regarding the domesticatory status of its members, hinders any attempt to infer the domestication of karuka through time from archaeobotanical assemblages. 6 Against these backdrops of diversity and uncertainty, some carbohydraterich plants that are important staple crops in New Guinea have been subject to intensive botanical, phytogeographic and genetic analysis. These plants tend to be important food or economic plants in other regions, including the Pacific, Southeast Asia and Africa. Staples include bananas (Musa spp., especially those of Eumusa section), taro (Colocasia esculenta) and the greater yam (Dioscorea alata). Significantly, traditional claims for the domestication of these plants in Southeast Asia have been supplemented by more recent claims for their domestication in the New Guinea region; these latter claims have received some archaeobotanical corroboration. 7 In this paper, claims for the domestication of three carbohydrate-rich staple crops in the New Guinea region, and the multi-disciplinary evidence upon which they rest, are reviewed. These emerging plant histories shed light on the long and, in some cases, ongoing processes of domestication for these staples, which in turn reveal complex histories of inter-regional interaction. At present, archaeological traces of inter-regional interaction between New Guinea and Southeast Asia during the early and mid-Holocene are sparse and contested. By contrast, some domestication histories provide more definitive and robust evidence of inter-regional interaction at this time, as well as upon its complex and selective nature.
Chronological frameworks and archaeological deficiencies
Initial colonisation of Australia and New Guinea occurred by sea from Indo-Malaysia at least 45,000 years ago. 8 At this time of lower sea levels, Australia and New Guinea formed one land mass. Initial colonisation of the Bismarck Archipelago, comprising the major islands of New Britain, New Ireland and New Hanover off the north coast of New Guinea, may also have occurred by approximately 40-39,000 years ago. 9 A second major colonisation event is thought to have occurred after 3500 years ago with the arrival of Austronesian language-speakers to the region. 10 The ancestry of these colonisers, considered to be agriculturalists with their Apart from highly contested archaeological finds, such as pigs (Sus scrofa) and pottery, inter-regional interaction between New Guinea and Southeast Asia before 3500 years ago has primarily been inferred from linguistic and genetic comparisons and a priori maritime reconstructions. 13 Other archaeological evidence for "pre-Austronesian" interaction awaits verification, or has proven erroneous, such as claims for 6800-6400 year-old betel nut (Areca catechu) at Dongan, which was redated to modern. 14 Characterisations of the intervening period between initial and "Austronesian" colonisations, i.e. pre c.3500 years ago, infer variable degrees and frequencies of contact between New Guinea and islands of the Indo-Malaysian archipelago to the west. 15 By contrast, intra-regional connectivity and interaction certainly occurred during the Pleistocene between New Guinea and islands off its north coast, as well as among those islands -including Manus, the Bismarck Archipelago and the Solomon Islands. These contacts are variably witnessed through archaeological evidence of trade in obsidian, translocation of marsupials, and movement of plants. 16 Given the lack of definitive archaeological evidence, the New Guinea region has been considered relatively isolated from Southeast Asia until c. 3500 years ago. However, domestication histories for major staples show that the absence of evidence is an archaeological deficiency and does not necessarily represent an absence of interaction. 18 Plant domestication and early agriculture in New Guinea
Traditional views
Agriculture in New Guinea was traditionally considered to have diffused from a centre of domestication, or hearth, in Southeast Asia. 19 New Guinea is absent from Hawkes' consideration of crop plant origins and half of the island is excluded from Zhukovsky's gene megacenters of cultivated plants, which cover most of the non-polar globe. 20 In such studies, phytogeographic methods were applied to elicit the originating locus of crop plants, domestication and agriculture: "... to know where each crop originated and where to find the geographical centres, whether a given crop is associated with wild species, and when the innumerable types arose that eventually produced cultivated crops." 21 Crop plants and agricultural technology were considered to have diffused away from these primary centres or hearths, ie, from Southeast Asia to New Guinea. 22 Formerly, most of the principal staple crops of present-day New Guinean agronomic systems were considered introductions. Sweet potato (Ipomoea batatas) and cassava/manioc (Manihot esculenta) are post-Colombian introductions from South America. Taro (C. esculenta), greater yam (Dioscorea alata) and Eumusa bananas (Musa spp.) were presumed to be introduced Southeast Asian or Indo-Malaysian domesticates. 23 Other significant staples were presumed to originate or have been domesticated in New Guinea, including Australimusa bananas (Musa spp.), sago (Metroxylon sagu), sugarcane (Saccharum officinarum) and, potentially, coconut (Cocos nucifera). 24 Interpretations of origin and domestication were largely based on phytogeographic identifications of the centres of greatest genetic diversity, away from which diffusion was inferred to have occurred, and the presence of ancestral wild forms from which domesticated forms arose. 25 However, and following De Candolle, the greatest abundance of diversity alone is no proof of antiquity; the determination of origin requires the elimination from consideration of all artificial forms. 26
A new perspective
During the 1970s, multi-disciplinary research in New Guinea was beginning to document several lines of evidence suggestive of independent plant domestication, landscape modification concomitant with agricultural practices, and archaeological evidence of early and mid-Holocene agriculture. 27 Initially, early agricultural activities were thought to be of ultimate Southeast Asian origin and to be based, in part, on an introduced Southeast Asian suite of staple crops, including taro, the greater yam and Eumusa bananas, supplemented by indigenous New Guinea domesticates. By the early 1990s, arguments had changed; New Guinea was proposed as an early and independent centre of agricultural development. 29 These revisions were based on three principal lines of evidence: the antiquity and archaeology of the earliest agricultural practices in the highlands of New Guinea, new crop plant histories, and palaeoenvironmental records of landscape transformation. 30 From the late 1990s, and in part triggered by critiques, I undertook new multi-disciplinary research to assess and augment the archaeological, archaeobotanical and palaeoecological records of early agriculture in highland New Guinea. 31 Earlier claims were confirmed: agriculture was practiced in the highlands by at least 7000-6500 years ago and New Guinea was a centre of early and independent agricultural development. 32 At the same time, advances in plant genetics began to identify New Guinea as a centre of origin and domestication for a number of domesticates important in Pacific agriculture, as well as in Southeast Asia and beyond. 33 More recently, I have questioned the idea of "independent agricultural development" in New Guinea because it is predicated on regional isolation during the Pleistocene and early and mid-Holocene. 34 My questioning does not negate claims for early agriculture or plant domestication in New Guinea, but interrogates what the term "independent" means in a world of interaction with Southeast Asia. This re-evaluation has been inspired by the domestication histories for several major staple crops. 29 Domestication histories "We need to focus research on the evolutionary history of individual crops and regional crop associations, and to adopt a more rigorous approach to the identification and dating of archaeologically-recovered plant remains." 35 Over the last decade, numerous archaeological, archaeobotanical, phytogeographic and molecular studies have prompted a review of traditional interpretations regarding plant domestication in Southeast Asia and New Guinea. However, the situation is more complex than stating that those staples that were formerly considered to be introduced Southeast Asian domesticates can now be considered to be indigenous New Guinean domesticates. If the multidisciplinary evidence of individual crop histories is examined, more complex and variable scenarios emerge. The domestication histories for some crops seem to require interaction between New Guinea and Southeast Asia during the early-and-mid Holocene, whereas those for other crops are suggestive of independent domestication with or without subsequent dispersal between regions. Below the domestication histories for three of the most important staple crops of Southeast Asia and New Guinea are considered.
Taro (Colocasia esculenta)
Taro is a root-crop primarily cultivated for its starch-rich corm, and its leaves are also cooked as a leafy vegetable. Taro is an important food plant in the Pacific, Melanesia and in parts of Southeast Asia, South Asia and West Africa, as well as grown for food across a vast region.
The natural range of wild type taro (Colocasia esculenta var. aquatilis), which is considered the precursor to cultivated taro (C. esculenta), extends from northeastern India to mainland Southeast Asia, Indonesia, New Guinea and northern Australia. 36 It is uncertain whether this wild type distribution, particularly in northern Australia, represents ancient biogeographic distributions, dispersal by birds, or human dispersal without cultivation. 37 35 Regions, such as New Guinea, with endemic species-specific, and hence co-evolved, pollinators (Drosophilella sp.) and pests (Tarophagus spp.) are likely to have had endemic wild type taro long before the arrival of modern humans. 38 Initial cytological and isozyme studies suggested domesticated taro arose in Southeast Asia, or northeastern India, although the greatest genetic diversity occurs in eastern Indonesia. 39 Taking a broader view, Matthews interpreted rDNA (ribosomal DNA) results to suggest domestication of taro over a wide region. 40 Several studies, however, point towards independent domestications of taro in Southeast Asia and New Guinea: a preliminary study of karyotypic data; RAPD (random amplified polymorphic DNA) analysis; a review of isozyme and DNA markers; and a comprehensive analysis of isozyme, morphological, ploidy, AFLP (amplified fragment length polymorphism) and physico-chemical characteristics. 41 These studies clearly show that the genepools of diploid cultivars in Southeast Asia and New Guinea, as well as potentially other regions where taro occurs naturally, are distinct, with relatively low genetic diversity within each genepool. 42 For example, Polynesian cultivars have a narrow genetic base derived from New Guinea and the Solomon Islands. 43 Other distinctions occur in ploidy levels of cultivars. Diploid cultivars are common in New Guinea and the Pacific, while diploids and triploids are common in Asia. 44 Sterile triploids enable taro populations to survive in unfavourable environments, and have been important for the human dispersal of cultivars to regions beyond the natural range, especially to higher altitudes and latitudes. Matthews considers triploid cultivars in New Guinea to be recent introductions. 45 Although Matthews concurs with the idea of multiple domestications of taro, he does not rule out the possibility that other domestication scenarios could account for the observed phenomena. 46 He cautions that the results of molecular studies are based on cultivars, with wild type taros often being under-represented, thereby failing to fully account for the complex role of people in the dispersal of taro cultivars through history.
Archaeobotanical corroboration of these phytogeographic and molecular insights is limited for Southeast Asia and Melanesia. Claims for starch grains and raphides of taro on stone tools dating to 28-20,000 years and the early Holocene at Kilu cave in the Solomon Islands are tentative. 47 Similarly, a charred rhizome fragment dated to 24,000-22,600 years has been tentatively identified as cf. Colocasia elim. esculenta at Niah Cave on Borneo. 48 These finds suggest the exploitation of, presumably, wild type taro in the Pleistocene, which is significant given the toxicity of the plant and the need for considerable processing prior to consumption. Taro pollen grains from Lake Wanum, a lowland wetland in eastern New Guinea, confirm the presence of the plant on the island 10,000 years ago. 49 Relatively robust claims for the processing of taro have been derived from an examination of stone tools from early and mid-Holocene contexts at Kuk Swamp, an archaeological site containing evidence of early agricultural practices in highland New Guinea. 50 Although microfossil analysis, principally through starch grains, pollen, raphides and charred plant cells, can now be used to identify taro with some security, it is not possible to differentiate between wild type and domesticated, or, perhaps more correctly, cultivated taro varieties. This is not surprising given that the domestication of taro is an ongoing process. 51 domestication for they clarify plant distributions in the distant past and show how people in different places and at different times were using and, in some sense, had begun to domesticate the plant. In assessing how the multi-disciplinary data contribute to an understanding of the independent processes of taro domestication in Southeast Asia and New Guinea, Lebot concluded:
"The variability of cultivated taro is probably the result of some degree of genetic differentiation among wild taros due to geographical and cultural isolation of human populations at that time [i.e., the time of domestication]." 52 Without reproductive isolation, whether geographically or culturally determined, diploid taro populations in Southeast Asia and New Guinea would have inter-bred and inter-mixed. Similarly distinctive genepools and dual domestications are inferred for other crop plants, eg, aerial yam (Dioscorea bulbifera). 53 Thus the molecular data for taro and some other plants seem to support a scenario of geographical isolation between people living in Southeast Asia and New Guinea prior to the putative dispersal of Austronesian language-speakers c. 3500 years ago.
Greater yam (Dioscorea alata)
The greater yam, or water yam, is cultivated throughout the tropics, primarily for its large underground tuber. Domesticated yam species (D. alata and D. esculenta) were originally concluded to be Southeast Asian introductions to Australia and New Guinea. 54 Minor yam species were considered to be indigenous to Sahul, or the continental plate comprising Australia and New Guinea, as well as potentially other locales, including D. bulbifera,
D.nummularia, D.pentaphylla, D. transversa and D. hispida.
The greater yam (D. alata) is the most widely dispersed yam species globally, although the "original geographic and wild sources are still unidentified" and only cultivars are known. 55 However, Lebot et al. concluded that morphological, enzymatic and physico-chemical characteristics were not solely the result of somatic mutation and asexual reproduction; they also reflected sexual reproduction. 56 The area within which original sexual reproduction occurred, and hence where the plant originated, is not known since molecular studies have only been undertaken on accessions of widely dispersed cultivar clones.
From the plurality of forms, Coursey proposed New Guinea as a centre of D. alata diversity, but a secondary centre of dispersal. 57 Intraspecific differentiation of D. alata cultivars on the basis of geography, morphology, isozymes or physico-chemical characteristics is limited, and, furthermore, there are few correlations among attributes. 58 For example, although D. alata exhibits a phenomenal degree of morphological variation, this does not have a genetic correlate. 59 Thus, the intra-specific classification of D. alata is problematic; the lack of clear intra-specific groupings indicates that widely dispersed cultivars are clones with a narrow genetic base. 60 This situation could change through the greater inclusion of D. alata accessions in genetic studies from its putative area of origin, New Guinea, the Solomon Islands and possibly Indonesia.
In the absence of clear genetic evidence, several lines of inference, or a triangulation method, can be used to assess where D. alata originated, which is likely to be the place of initial domestication. Firstly, AFLP-fingerprinting profiles show that D. alata, D. nummularia and D. transversa are closely related and that "D. alata may belong, together with D. nummularia and D. transversa, to a Southeast Asian-Oceanian genepool which is rather confined to the former Sahulian and Wallacean regions", namely, Eastern Indonesia, New Guinea and Australia. 61 Secondly, several authors have proposed New Guinea as the place of origin because it is the centre of greatest genetic diversity. 62 Thirdly, Martin and Rhodes noted that primitive cultivar types, "most bizarre and least improved types", and most types found elsewhere occur in New Guinea. 63 Fourthly, " [b] ecause it [D. alata] flowers naturally in Melanesia, it might be assumed that its area of greatest diversity is also its area of origin". 64 Although circumstantial, these multiple lines of evidence suggest the New Guinea region to be the place of D. alata origin and domestication, from which cultivar clones have dispersed widely across the globe.
As with taro, archaeobotanical evidence is limited. Yam (Dioscorea spp.) residues have been identified on stone tools in Melanesia: D. bulbifera or D. nummularia from c. 10,400 year-old contexts at Balof 2 in lowland New Ireland; and, D. alata or D. pentaphylla from early Holocene contexts at Kuk Swamp in highland New Guinea. 65 In Southeast Asia, greater yam has been reported as "Dioscorea sp., possibly D. alata" from pre-40,000 year old contexts at Niah Cave on Borneo. 66 Currently D. alata identifications from microfossils of pre-3500 year antiquity are all tentative and await further corroboration.
Given the archaeobotanical record is largely silent regarding the origin and domestication of D. alata, the limited multi-disciplinary evidence suggests that cultivated D. alata originated in the New Guinea region, from where cloned cultivars dispersed to Southeast Asia, Africa, the Pacific and beyond. 67 Bananas (Musa spp.) Bananas (Musa spp.) are one of the most diverse and important food plants grown in wet tropical and subtropical regions of the world, both as a commercial crop and as a subsistence staple. Bananas of genus Musa are primarily grown for edible fruit, whether eaten raw or cooked, although a variety of plant parts can be consumed in some varieties, including the pseudostem and starch accumulation at the base of the pseudostem. Additionally, bananas are cultivated for a variety of other uses, including fibre and fodder. 68 Musa spp. have been reclassified based on chromosome numbers into three sections, although the original classification into five sections is followed here, namely Eumusa, Rhodochlamys, Callimusa, Australimusa and Ingentimusa. 69 Of these sections, the most important food plants are derived from Eumusa and the following discussion is limited to them.
The domestication of bananas of section Eumusa, which is the focus here, is extremely complex and underpinned the development of nearly all banana cultivars, including such diverse cultivar groups as the African plantains and the yellow Cavendish bananas, the latter being the yellow sweet bananas that are so widely grown and consumed across the world today. Formerly, Eumusa bananas were presumed to be Southeast Asian domesticates, whereas Australimusa and Ingentimusa bananas were considered indigenous to the New Guinea region. 70 Phytogeographic and genetic research has revised this interpretation to suggest that the initial stage of Eumusa domestication occurred in the New Guinea-Philippines regions with subsequent dispersal to Southeast Asia where hybridisation with local varieties occurred. 71 The exact mechanisms implicated in Eumusa section domestication are complex and varied: "In the section Eumusa, the hundreds of banana cultivars form a very heterogeneous group and their phenotypes are the reflection of a ramified pattern of domestication more or less coupled with genome combinations, polyploidization and somatic mutations." 72 According to several sources, the initial phase of the domestication process occurred in two subspecies of Musa acuminata (genome A): ssp. banksii which grows wild in New Guinea, Manus, northern Australia and possibly some islands of northeastern Indonesia; and, ssp. errans which grows wild in the Philippines. 73 These two subspecies are fundamental to Musa domestication because most cultivars are descended from one of them, and the implication is that they were associated with the development of parthenocarpy. 74 Confusingly some authors include ssp. errans within ssp. banksii , whereas others distinguish the two subspecies. 75 The initial domestication phase probably required "several thousand years for the progressive increase in parthenocarpy and of seed sterility" and for the generation of edible "AA" diploids. 76 The subsequent cultivation of AA diploids in the vicinity of other wild M. acuminata subspecies created inter-subspecific AA hybrids and AAA triploids. 77 Subsequent cultivation of AA diploids in the vicinity of wild M. balbisiana (genome B) populations created interspecific AB cultivars and more robust AAB and ABB triploids. These genomic combinations represent the main five groupings of Musa cultivars. 78 The wild distribution of M. balbisiana is uncertain; some restrict its distribution to mainland Southeast Asia, whereas others argue for a range from Sri Lanka to eastern New Guinea. 79 It is unclear where interspecific hybridisation of M. acuminata and M. balbisiana occurred. The spatial distributions of wild M. acuminata and M. balbisiana all overlap in the New Guinea region, and potentially interspecific hybridisation could have occurred there. However, the dispersal of edible AA diploids to Southeast Asia and/or a concomitant dispersal of M. balbisiana cultivars to the New Guinea region is equally plausible. 80 Similar scenarios of initial domestication in New Guinea with subsequent dispersal and interspecific hybridisation in Southeast Asia have been invoked for sugar cane (Saccharum officinarum). 81 Against this backdrop of complexity, the influence of New Guinea on domestication of bananas of section Eumusa is profound. The hundreds of known cultivars today represent diverse processes occurring at different times, including: multiple domestications, progressive parthenocarpy and seed suppression, the creation of diploids and triploids, interspecific and inter-subspecific hybridisation, and somatic mutation. Interpretations suggesting initial domestication in the Philippines-New Guinea region, that are based on isozyme and DNA analyses, have received some archaeobotanical corroboration from New Guinea. Seed phytoliths of Musa acuminata ssp.
banksii type date to c. 10,000 years at Kuk Swamp in the highlands, with subsequent banana cultivation inferred from high Musaceae phytolith levels at 7000-6500 years ago. 82 Bananas are unusual genetically for chloroplast DNA (cpDNA) and mitochondrial DNA (mtDNA) can be traced through maternal and paternal lines, respectively. 83 Consequently, lineages and contributions of subspecies and species to cultivar groups can be traced to shed greater detail on the history of domestication. For example, several different groups of bananas, including some of the Pacific plantains, Western and Central African plantains (AAB) and an East African AAA group of cultivars, trace part of their ancestry to the New Guinean Musa acuminata ssp. banksii. 84 Of significance, the two groups of African bananas show different temporal-geographic domestication pathways. Triploid AAB plantain cultivars originated as AA diploids in New Guinea with subsequent hybridisation with M. balbisiana populations, before dispersal via vegetative propagation to West Africa and cultivation there by at least 2500 years ago. 85 Strikingly, "The [African] Plantains studied have exactly the same cytotype pattern as some Musa acuminata ssp. banksii accessions still present in New Guinea". 86 By contrast, the distinctive East African Highland AAA cooking and beer-making bananas are a hybrid of M. acuminata ssp. banksii (New Guinea) and M. acuminata ssp. zebrina (Indonesia) indicating hybridisation of New Guinea and Indonesian subspecies, respectively, before dispersal to Africa. 87 In these cases, bananas tracing an ancestry to New Guinea hybridised with Southeast Asian species or subspecies before subsequent dispersal to Africa. Although these trajectories are different and potentially occurred at different times, they clearly indicate an early westward dispersal of bananas with New Guinea stock. These dispersals could have been facilitated by Austronesian language-speakers, but the antiquity of presumably cultivated bananas in areas beyond their natural range is suggesting an earlier temporal framework for domestication and dispersal. Musa phytoliths have been found in the Cameroon dating to 2500 years ago and, more controversially, in Uganda potentially dating to 5000 years ago, whereas those in Pakistan at 4000 years ago may only be significant if interspecific hybrid cultivars. 88 Early and mid-Holocene interaction Phytogeographic, morphological, molecular and archaeobotanical evidence indicates variable histories of domestication for three major staples: the domestication bananas of section Eumusa was complex, variable and involved hybridisation between species and subspecies in New Guinea and Southeast Asia; the existing genetic evidence for taro (Colocasia esculenta) suggests regional isolation of wild populations and separate domestications in both regions; whereas the limited molecular data for the greater yam (Dioscorea alata) is suggestive of initial domestication of an unknown wild-type in the New Guinea region with subsequent widespread dispersal of sterile clones. Similarly variable histories can be reconstructed for other staples, including sugar cane (Saccharum officinarum) and the aerial yam (D. bulbifera). Multi-disciplinary botanical evidence is beginning to show that New Guinea was a primary centre of plant domestication.
At present, and unlike other parts of the world, the domestication histories for crop plants cannot be charted in the archaeobotanical record. The threadbare record is due to several factors: poor macrobotanical preservation of relevant plant parts in tropical environments; limited application of nascent microfossil techniques, especially starch grain and phytolith analyses; and, in some cases, the complex histories and ongoing processes of domestication militating against clear differentiation of cultivated and wild plants. 89 Despite these archaeobotanical problems, which are likely to be overcome by the broader application of microfossil techniques, the timings of plant domestication and dispersal can be interpreted with respect to multidisciplinary findings, including broader archaeological evidence and linguistic reconstructions of the crop assemblage which is presumed to have dispersed with Austronesian language-speakers out of Southeast Asia. 90 Recent multi-disciplinary findings indicate considerable maritime interaction within Island Southeast Asia and Melanesia, as well as between the two regions, during the early and mid-Holocene, namely, before Austronesian language expansion. 91 These interactions are marked by faunal translocations such as: the Sulawesi warty pig (Sus celebensis) to Flores and the domesticated pig (Sus scrofa) to eastern Indonesia, marsupial introductions from New Guinea to Island Melanesia, and the cuscus (Phalanger orientalis) from New Guinea to Timor. 92 Furthermore, coherent archaeological signals are beginning to emerge of technology transfers within and between these regions, most prominently concerning shell ornaments and adzes. 93 These findings show that the maritime boundaries between New Guinea and regions to the west, as well as within these regions, were porous long before Austronesian language speaking mariners arrived.
Scenarios regarding Proto-Austronesian and Proto-Malayo-Polynesian language-speakers indicate that a whole range of plants of probable New Guinea origin, including the greater yam, Musa bananas and sugarcane, were already in Island Southeast Asia by at least 4000 years ago. 94 Given the phytogeographic and molecular evidence, the presence of these plants in Southeast Asia at this time is predicated on earlier dispersals from New Guinea, whether through demic or cultural diffusion during the early and mid-Holocene.
There is good agreement among archaeological, linguistic and plant data for social interactions between New Guinea and regions to the west before Austronesian language dispersal. People in New Guinea were in, at least intermittently, spheres of attenuated connectivity manifest as local exchange networks with regions to the west during the early and mid-Holocene. 95 The evidence suggests that plants were not exchanged as part of a package, for taro domesticated in New Guinea does not seem to have diffused to Southeast Asia, while other plants, including greater yam, Musa and sugarcane, did. The lack of accord in the nature of diffusion for plants and other cultural traits indicates considerable socio-spatial and chronological complexity.
Concluding comment
The multi-disciplinary botanical evidence for Musa, taro, the greater yam, as well as other plants, clearly shows the fundamental contribution of domesticatory relationships between people and plants in New Guinea to the historical development of several staple crops. 96 At present, botany hints at plant domestications and regional interactions during the early and mid-Holocene that are also beginning to emerge from the archaeological record. Not only are researchers left trying to explain how vegetatively cultivated plantains dispersed to West Africa by at least 2500 years ago; they are also left trying to understand why the roots of Pacific agriculture are more firmly planted in New Guinea than in any region of Southeast Asia.
Arguments for a Southeast Asian inheritance for Pacific cultivars of banana, taro and yam cultivation are misplaced -as they are for other cultivars, eg, D. bulbifera. 97 Many crop plants of Pacific agriculture exhibit a greater genetic inheritance from genepools in the New Guinea region than from Southeast Asia, contrary to popular assumption. 98 This is a fundamental insight to understanding the contribution of the New Guinea region to agriculture in the Pacific, Southeast Asia, Africa and beyond. Admittedly botanical studies are incomplete; there are gaps and the interpretations reviewed here are liable to modification. However, these emerging histories of plant domestication open up new vistas of panregional interaction, the implications of which are only just beginning to be understood. 95 
